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i~vgongcwogv. 
The subject of anmsthesia has been threshed over so thoroughly and 
so frequently by various investigators that at first sight it may appear 
hopeless to expect to find anything novel.  Nevertheless, it has seemed 
to  the writers  of the present article  that there  are  certain  problems 
of importance which still remain to be solved.  Although these prob- 
lems  have  in  many  ways  relations  which  are  close  to  one  another, 
and although they all have dirsct bearings upon one common theme 
--the use of aneesthetics--nevertheless they are sufficiemtly disjointed 
for each to be a special subject of research. 
3~oreover, in some cases such a research natural]y leads the investi- 
gator  somewhat far  afield  from  the general  problem  of  anaesthesia. 
It  has,  therefore,  seemed  wisest  to  divide the  present  memoir  into 
distinct  chapters.  An  introductory  chapter  like  the  present  is,  of 
course, the place in which the problems to be investigated should be 
stated. 
The relations between the function of respiration and that of circu- 
lation are such that a  suspension of either must of necessity be very 
shortly followed by a  corresponding alteration of the other,  but how 
far  a  mere  lowering in  the  activity  of one function is immediately 
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deleterious to the other still  remains an open  question.  The  effects 
of ether and of chloroform upon the circulation are so diverse that the 
relations between these effects and the respiration may in some cases 
become an important factor in determining a choice of the anaesthetic. 
The first chapter will therefore be devoted to answering the question: 
What effect has lessened blood supply to the brain upon the respiration 
and upon the vaso-motor system? 
The depression of the arterial function is more pronounced during 
chloreformization than etherization; so that it seems but a natural con- 
clusion that cMoroform will leave the circulation more depressed than 
does  ether;  but  as such conclusion may or may not be  correct, the 
second chapter of the present research is devoted to the consideration 
of the question: Does the circulation recover itself more rapidly after 
prolonged deep etherization than after a similar narcosis produced by 
ehloroferm.~ 
It is well known that occasionally persons who have passed through 
a  prolonged  anaesthesia,  during  which  they  have  suffered  severe 
surgical  operation,  die without  obvious  cause within  a  short  period 
after the return of consciousness.  In such case the doubt is whether 
the prolonged ansssth~ia  or the operation has been the cause of the 
death.  As  it  is  not  possible  by  clinical  obsexvation  to  determine 
whether such a death as that just spoken of is or is not the result of the 
anmsthesia, and since it is plainly improper to experiment upon human 
beings, we have attempted in our third chapter to answer the question: 
Is it possible to have death produced by an ansesthede some time after 
the cessation of its administration and the return of conscionsness? 
If it should be found that an aneesthetic may cause death after its 
more obvious effects have passed off, the question as to the reason for 
this  death forcibly presents itself,  but  the  consideration of  thi~9 we 
shall de~er for the present. 
Early in the present research we found that  a  practical  difficulty 
was the tendency of animals to die during a prolonged narcosis from 
an ansesthetic.  As many of the experiments required hours for their 
pe~ormance,  and  as  the  time  selected by  the  dogs  for  dying  was 
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this difficulty caused much loss of time and annoyance.  This led to 
the invention of  a  method of producing  ansesthesia  which we have 
used with much satisfaction. 
We  prepared  a  simple apparatus,  consisting of a  gallon  glass jar, 
having a  perforated india-rubber  cork,  through which ran  two glass 
tubes, one short and one long, the latter reaching nearly to the bottom 
of the jar.  Into the jar was put a  small measure of the ansesthetic, 
and the short tube was then connected with a  c~nnula in the trachea 
of the  dog to be experimented upon.  This not  only  enabled  us to 
practice great economy in the use of the anmsthetlc, but also, as soon 
as alarming symptoms appeared, to remove the ansesthetlc and without 
loss of a moment connect the tracheal cannula with an apparatus for 
artificial respiration and forthwith restore the animal to life. 
CHAPTER  I. 
What effect has lessened blood supply to the brain upon the respira- 
tion and upon the vaso-motor system~ 
The general idea of the method of research which we have employed 
in attempting to answer the question which heads this chapter has been 
to reduce the blood supply of the medulla oblongata by interference 
with the permeability of the arteries of the neck.  In carrying out the 
method we have uniformly followed a very simple plan of experimen- 
tation.  Under ether the carotids and the Vertebral arteries have been 
~irst exposed low down in the neck and a ligature laid around them so 
loosely as not in the slightest degree to interfere with the blood flow. 
The effect of the ansesthetic has been allowed thoroughly to subside, 
and observations were then made upon the function (to be studied) 
in its normal state.  After these  observations have been completed, 
one,  two,  three  or  all  of  the  arteries  (according  to  the  individual 
experiment determined upon)  have been rapidly tied,  and the effect 
upon the  function under study has  been  noted.  In  some instances 
we have used tight clips instead of ligatures, so that by closing or open- 
ing the clips the flow of blood in the arteries  of the brain  could be 
arrested or allowed to go on at will. 
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the amount of air moved in the hmgs was measured before and after 
the tying of the arteries, ~'eat care being taken as far as possible to 
have the animal free from any emotional excitement, so as to get an 
even balance of respiration and circulation both before and after the 
tying of the arteries.  In every case the amo~mt of air expired from 
the lungs was measured during five minutes, so that when a "period" 
is spoken of in the experiments, such period is always of five minutes 
duration. 
In some of the animals the exposure of the four arteries produced 
excessive shock; in others, without injury to the pneumogastri~ ~erve, 
marked  Cheyne-Stokes respiration.  As  these  phenomena developed 
before the tying of the arteries, the results were in nowise dependent 
upon  arrest of the flow of blood to  the brain;  further,  as  the mere 
operation itself in these animals caused so much disturbance of respi- 
ration, the  experiments were not carried to  a  final conclusion,  or if 
this were done the results were altogetheT rejected in making up our 
account.  Only when the animal became quiet, cahu, free from excite- 
ment  and  apparently  free  from  pain  after  the  operation,  were the 
experiments carried to full consummation and taken into consideration. 
In making these experiments we have reached so~m  very interest- 
ing collateral results which are worthy of note.  Usually, tying the 
arteries has no immediate distinct effect upon a  respiratory ~netion, 
but we have noted that in certain dogs the respiratory centre see~ns to 
be  thrown off its  balance  with  extxaord~nary ease,  and  in  this  fact 
probably lies the explanation of certain anaesthetic deaths in which the 
respiratio~ has been arrested unexpectedly by a modexate amount of 
the anaesthetic, or at a period in the anaesthesia when there is usually 
no  danger.  Thus,  in  a  certain  dog  (A)  respiratory  arrest  occurred 
early in  an  aneesthega from  ether.  When  it  was  evident that  the 
arrested  respiration  conld  not  be  re-establishod  by  nature,  and  the 
heart was rapidly failing,  aa~ificia] respiration  was  resorted  to  with 
the usual effect of resuscitation.  Afterwards, when we tied the caro- 
tids  (without anmsthesia at the moment), immediate lethal  arrest  of 
respiration took place, from which the animal was again resuscitated as 
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tied.  In this dog, then, the respiratory centres were so  abnormally 
susceptible that procedures which commonly do not disturb the func- 
tions of the centres produced a fatal paralysis.  Careful post-mortem 
investigation of the animal failed to give, at least so far as macroscopic 
appearances were concerned, any explanation of this lack of robust- 
ness of the respiratory centres. 
In the first series  of experiments the  carotid  arteries  alone were 
tied, and the effects noted.  These experiments are as follows: 
Period. 
1 
2 
8 
4 
Both  carotids  tied. 
5 
6 
EXPERIMENT  I. 
Amount of 
Rate of  air moved in 
Respiration.  cubic feet. 
27  10.3 
28  8.06 
22  5.69 
22  6.3'2 
27  6.69 
27  6.81 
Remarks. 
Much of the time struggling. 
Struggling some of the time. 
Very quiet the whole period. 
Very quiet the whole period. 
Very quiet the whole period. 
Very quiet the whole period. 
Period. 
1 
2 
One carotid  tied. 
3  29 
4  28 
5  '26 
,Second carotid  tied. 
6  84 
7  36 
8  25 
In interpreting the 
EXPERIMENT  II. 
Amount  of 
Rate of  air moved in 
Respiration.  cubic feet. 
27  5.75 
28  4.47 
Remarks. 
Very quiet. 
Very quiet. 
6.12  Very quiet. 
5.79  Very quiet. 
6.40  Very quiet. 
6.34  Very quiet. 
6.87  Very  quiet.  Pupil  widely  di- 
lated;  reacts  partially  to 
light. 
5.18  Very quiet. 
foregoing experiments it must be remembered 
that there is a  slight variation in  the amount of air  moved by the 
animal from period to period, even though there be perfect quiet and 
apparent freedom from  emotional disturbance.  It  is  plain  that  in 
F,  xperiment I  simultaneous tying  of both  carotids  had  no  distinct 
effect upon the amount of air moved, since the difference between the 
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(5)  was about half the difference between periods  8  and 4  when the 
arteries  were free. 
An  examination  of  Experiment  II  leads  to  con£rmatory  results. 
There was, to be sure, a slight apparent rise when the first carotid was 
tied  (between periods  2  and 3),  but period  4  immediately  following 
period 3 was absolutely the same as period 1; whilst tying the second 
carotid had no distinct effect upon the air movement, which in period 
8,  about fifteen  minutes  after the  second  carotid  had  been  secured, 
was a little less than in the ilrst normal period. 
These experiments seem to  show that such lessening of  the blood 
supply to the brain as is caused by tying simultaneously the carotids 
does not sensibly affect the respiratory function. 
The  next  series  of  experiments  was  performed  to  determine  the 
effect  of  arresting  the  cireulation in the  carotids  immediately  after 
the vertebral arteries  had been tied. 
EXPERIMENT  IV. 
Rate of  Amount of 
Period.  Respiration.  air moved.  Remarks. 
1  42  4.95  Very quiet. 
2  39  4.63  Very quiet. 
Tied  both  vertebrals  and  one  carotid;  put  clip  on  other  carotid  immediately 
before next observation. 
3  24  3.76  Very quiet. 
4  24  4.21  Pupils  widely  dilated;  do  not 
react to light. 
Freed both carotids. 
5  22  2.95  Very quiet. 
Tied both carotids. 
6  25  2.70  Very quiet. 
7  28  2.95 
Dog  allowed  to  walk  about,  did  so  with  ease;  reflexes,  gait  and  station  about 
normal,  but pupils fixed in wide dilatation. 
8  18  3.65  Dog  killed  at  end  of  observa- 
tion. 
EXPERIMENT  ¥I. 
Rate of  Amount of 
Period.  Respiration.  air moved.  Remarks. 
1  53  6.00  Struggled  a  little. 
2  4~  7.48  Struggled  a  little. 
3  47  7.04  Struggled  a  little. 
4  44  6.88  Quiet. H.  C.  Wood  and  Win.  S.  Carter  137 
Tied vertebrals : two minutes later clipped both carotids :  breathing immediately 
profoundly affected ; became deep and labored, with pronounced failure of expiration, 
the  animal  being  seemingly  unable  to  empty  the  lungs,  causing  progressive  dis- 
tension of  thorax and  abdomen.  Observation 5  begun  less  than  one  minute  after 
putting on clip. 
Rate of  Amount of 
Period.  Respiration.  air moved. 
5  12  1.4 
Clip  taken  off,  but  respiration  did  not  change  in  next  four  minutes  when  the 
carotids  were  tied.  The  animal  taken  off the  table  semi-conscious and  unable  to 
stand.  Ten minutes after carotids were tied the animal died in  spasm.  At  autopsy 
the nerves were found not injured;  vessels all tied. 
EXPERIMENT  VII. 
Rate of  Amount of 
Period.  Respiration.  air moved.  Remarks. 
1  43  5.00  Quiet. 
2  57  6.01  Some struggling. 
3  58  5.00  Quiet. 
4  52  4.05  Quiet. 
5  53  5.04  Quiet. 
6  53  6.02  Slight struggling. 
Vertebrals tied;  carotids clipped:  observation 1 minute later. 
7  50  4.05  Quiet. 
8  44  6.00  Quiet. 
9  50  4.77  Slight struggling. 
10  41  3.47  Quiet. 
11  34  3.16  Quiet. 
Clips removed from carotids ;  next observation 1 minute later. 
12  36  5.07 
13  34  3.01 
14  34  3.04 
Clipped both carotids ;  observation began 1 minute later. 
15  34  3.06 
16  34  2.08 
Dog let up ;  conscious, able to walk~  but very ataxie. 
EXPERIMENT  VIII. 
Rate of  Amount of 
Period.  Respiration.  air moved.  Remarks. 
1  34  7.67  Quiet. 
2  32  4.72  Quiet. 
3  31  4.88  Quiet. 
Tied vertebrals;  clipped carotids;  observation began 2 minutes later. 
4  30  5.04  Quiet. 
5  28  6.00  Quiet. 
Clips taken off carotids;  observation 2 minutes later. 
6  31  6.16  Quiet. 
Clips put on carotids. 
7  30  6.95 
8  29  6.40 
Dog when let up walked fairly well~  although somewhat ataxic. 138  A  Research  upon  An(vsthesia 
An examination of the record of Experiment IV shows that in the 
first period after the complete arrest of circulation in the  arteries of 
the neck, there was an apparent very slight reduction in the air move- 
ment,  with  almost  complete  recovery  in  the  second  five  minutes. 
After this, however, in spite of the removal of the clip from the caro- 
tids,  the  air  movement very sensibly decreased  and  did  not  at  any 
time before the killing of the animal come back to the norm. 
In Experiment VI clipping of the carotids was followed by a  pro- 
nounced alteration in the character of the respiration,  and also by a 
very great fall in the air movement. 
In Experiment VII arrest of the circulation was followed by imme- 
diate fall in the first period of the air movement, with complete recov- 
ery in the second period; and after that a steady, persistent lowering 
in the movement of air to the end of the experiment, a lowering which 
was at one time temporarily interrupted by removal of the clips from 
the carotids. 
In ]~xperiment VIII there was practically no difference in the air 
movement in period 3  (just before arrest of circulation) and in period 
4  (just after); though subsequently there was a  rise in the air move- 
nmnt, though net to the point of period 1. 
The most discordant of these experiments in its results was Experi- 
ment  VI;  in  it  the  arrest  of circu]~tion was  followed by  a  nearly 
complete respiratory paralysis,  the  paralysis  especially affecting the 
expiratory movement, which seemed to be almost arres~d.  On the 
opposite  end of the pendulum swing is  ]~xperiment VIII,  in which 
the clipping of the carotids seemed to increase rather than decrease 
respiratory air  movement.  It  is  worthy of remark that the  dog in 
]~xperiment VI rapidly died, whilst the animal in ]~xperiment VIII 
seemed very little affected by the operation. 
The  explanation  of the comparatively little  effect in  the  tying of 
the  arteries must  be,  of course,  found in  the  relief  afforded to  the 
animal by a  collateral circulation, and it is probable that in the dog 
used  in  Experiment  VI  the  collateral  circulation  was  anatomically 
very little developed; whilst in Experiment VIII the arterial structure 
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tain it after all the carotid and vertebral arteries had been tied.  The 
conclusion which it appears to us can be drawn from these experiments 
is, that the respiratory centres are remarkably insensitive to a lowering 
of t/hair blood supply,  and that when this  movement is  sufficient to 
produce  any  effect, such  effect is  functional,  depression  ending  in 
paralysis with complete or nearly complete arrest of respiration after 
the arteries had been tied.  In two cases we noted that section of the 
pneumogastric nerves was followed by an immediate permanent arrest 
of breathing,  although in several other cases this arrest of breathing 
did not  occur when the  par  vagum  was severed.  It  would  appear 
that an underfed respiratory centre is more dependent for its activity 
upon the impulses which reach it  through  the pneumogastric nerve 
than is the normal centre; or else that it is less able to resist the dis- 
turbance of a shock such as may be produced by section of the nerve. 
CIRCULATION. 
In order to determine the effect upon the circulation of tying the 
carotid and vertebral  arteries we have made the following series  of 
experiments.  In  each of these  experiments the  cannula was  intro- 
duced into the left carotid, so that the first record was taken with one 
carotid artery already separated from the cerebral circulation. 
EXPERIMENT  ¥I. 
Pulse  Pressure in  Respiratory 
Time.  10 sec.  mm. Hg.  rate 30 sec. 
4.12.20  23  90 
4.14  19  90 
4.15 
4.15.10  22  90 
4.16  18  92 
4.17  17  100 
4.20  16  90 
4.20.40 
4.20.50  15  88 
4.21  17  95 
4.31  14  64 
4.31.30  13  56 
Remarks. 
Tied  right  vertebral. 
Tied left vertebral. 
In this experiment the effect of tying the one vertebral artery was 
an apparent slight rise in the arterial pressure; which rise seemed to 140  A  Research  upon  Ancesthesia 
continue for a time after tying of the other artery, followed, however, 
after some minutes by a distinct fail. 
In  the following experiments both  vertebrals were tied,  and  the 
carotids also were either tied or else their lumen obliterated by clip- 
ping.  The left carotid was obliterated by insertion of the cannula. 
EXPERI~IENT  VII. 
Pulse  Respiratory 
Time.  10 see.  Pressure.  rate 30 sec.  Remarks. 
5.59  24  72  9  Reflexes good. 
5.59.30  Tied left vertebral. 
6.00  Tied right vertebral. 
6.00.20  24  70  Tied right carotid. 
6.00.40  25  76  14 
6.01  25  86  Shut off respiration mechani- 
cally. 
6.01.30  80 
6.02  76 
6.02.30  80 
6.03  98 
6.03.30  19  66 
6.04  11  66 
6.04.20  16 
6.06.30 
Struggling;  corneal  reflex 
present. 
Efforts to breathe stopped. 
Conjunetival reflex gone. 
Heart stopped. 
Pulse 
Time.  10 see. 
4.44  28 
4.44.30 
4.44.50 
4.45  30  108 
4.45.50 
4.46  30  102 
4.46.30 
4.47  31  164 
4.47.30  31  170 
4.48  29  156 
4.48.50 
4.49  30  150 
4.49.30  28  144 
4.50  27  164 
4.50.30  29  169 
4.51  28  168 
4.53  28  148 
EXPERIMENT  X. 
Respiratory 
Pressure.  rate 80 sec. 
108 
Remarks. 
Right vertebral tied. 
Left vertebral tied. 
Right carotid clipped. 
Struggling. 
Quiet. 
Clip off right carotid. 
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Pulse 
Time.  10 sec. 
4.20  25 
4.20.20 
4.20.50 
4.21  24  116 
4.21.20 
4.21.40  22  184 
4.21.50 
4.22  23  116 
4.22.10 
4.22.30'  23  130 
4.22.40 
4.23  19  116 
4.23.30 
4.28.40  20  134 
4.23.50 
4.24  19  118 
EXPERIMENT  XI. 
Respiratory 
Pressure.  rate 80 sec. 
116 
Remarks. 
Breathing quietly. 
Right vertebral tied. 
Left vertebral tied. 
Clip on right carotid. 
Artificial resp. 
Clip off. 
Clip on. 
Clip off;  artificial  resp. off. 
Feeble breathing. 
Clip on.  Resp.  regular. 
Clip off. 
An examination of the records of the experiments just given shows 
that in Experiment VI the complete closing of the vertebrals and caro- 
tids  was  followed  by  a  pronounced  rise  in  the  arterial  pressure, 
amounting to 14 millimetres.  In Experiment X  the obliteration of 
one carotid and both vertebrals produced no appreciable effect upon 
the arterial pressure; but subsequent clipping of the fight carotid was 
followed by a persistent rise of the pressure, so that in one minute and 
a  half  (the animal being quiet)  the arterial pressure had  increased 
from 108 to 170; further, the removal of the clip from the carotid was 
followed by a rapid and pronounced rise of pressure when the lumen 
of the carotid was again obliterated.  In Experiment XI the results 
were  a  counterpart of the results  of Experiment X;  no  effect was 
produced by tying the vertebral arteries, but each time the clip was 
put on and off the carotid there was a  corresponding rise or fall  of 
pressure. 
These experiments, and others wMch we have performed of simi]ar 
import, show that a sudden obliteration of the four arteries in the dog 
is usually followed by an immediate rise of the arterial pressure. 
The question now suggests  itself whether the rise  of the  arterial 
pressure just spoken of is due to a vaso-moter spasm;  or whether it is 
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blood,  with  the  consequent  alteration  of  the  relation  between  the 
volume of blood  circulating and  the size  of the cavities or tubes in 
which  it  circulates;  in  order  to  test  this  we  made  the  following 
experiment" 
EXPERIMENT  XII. 
Stout  dog.  Spinal cord was cut at the  sixth cervical vertebra,  above  the  origin of 
the  splanchnic  nerve,  and  both  vertebral  arteries  were  tied.  Artificial  respiration 
was  practiced  at  first,  and  when  the  animal  had  entirely  recovered  from  the 
anaesthetic  it  was  found  that  diaphragmatic  breathing  went  on  with  sufficient 
force for  practical  purposes. 
Pulse  Respiratory 
10 sec.  Pressure.  rate 30 sec.  Remarks. 
30  56 
29  58 
30  58  Right carotid clipped. 
30  59 
Time. 
5.13 
5.13.80 
5.14 
5.14.40 
5.14.50  Clip off. 
5.15  28  56 
5.15.30  29  56 
5.15.40  Clip on again. 
5.16  30  58 
5.16.30  29  58 
5.16.30  Clip off. 
5.17  26  56 
5.18  29  46 
5.18.30  25  48 
5.20.40  30  50 
5.20.50  Clip on again. 
5.21  27  55 
5.21.30  Clip off. 
5.21.40  32  52 
5.24.20  29  56 
5.24.30  Clip on  carotid. 
5.24.40  26  60 
An examination of the record o,f the experiment just given shows 
that after paralysis of the vaso-moWr system by section of the cord, 
cutting off the only remaining artery going to the head in half a dozen 
trials was  always followed by  a  slight  rise in  the  arterial pressure; 
this rise of the arterial pressure being usually one or two millimetres, 
and  in  no  case  exceeding five  millimetres.  Contrasting  this  result 
with the result produced by closing the last artei  T  in the normal dog, 
it is evident that though reduction of the territory supplied by blood 
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influence is only very slight and not at all sufficient to explain the rise 
following obliteration of the arteries in the normal animal. 
The second factor acting in the production of the rise of pressure 
e.aused in the normal dog by tying the arteries in the neck is not far 
to seek; it must be a  vase-motor spasm of centric origin;  so that the 
conclusion is reached that the great reduction in the blobd supply to 
the medulla caused by tying the arteries in the neck evokes functional 
excitement of the vase-motor centres in the medulla, and co~lsequent 
contraction of the blood-paths with rise of the arterial pressure.  The 
stimulating  effect of withdrawal  of  the  blood  upon  the  vasomotor 
eentres is not, however, equal to that which is produced by asphyxia. 
This  can readily be  seen  by  comparing  the  amount  of  rise  in  the 
experiments which we have detailed with that which habitually occurs 
in  the  normal  dog  during  asphyxia.  Moreover,  in  several  experi- 
ments, which it does not seem necessary to record here in detail, we 
,found  after  tying  the  arteries  and  getting  the  increase  of  arterial 
pressure, asphyxia was still able to cause a distinct further rise. 
PNEU~fOGASTI~ICS. 
In the course of our  experlmeatadon we have made some studies 
to  determine whether tying the arteries had  a  perceptible  influence 
upon the cardiac centres or fibres  of the pneumagastric nerves;  our 
results have been somewhat doubtfld.  Thus,  in Experiment XI the 
pulse was 24 to ten seconds, fell to 22  when the artery was clipped, 
rose to 23 when the clip was taken off, remained unchanged when the 
elip was put on, fell to 19 when the clip was off, rose to 20 when the 
clip was put on, fell to 19 again when the clip was off, then rose to 32, 
the arteries being free, failing to 30 when the carotid was clipped, and 
ranging, when the two vagi were cut, directly upwards from 30 to 35. 
It seems to us plain that  tying the vertebrals and carotids has no 
overpowering action upon the cardiac pneumogastric centres. 
The outcome of the research which we have thus reported has been 
to us somewhat surprising in the little immediate effect which has been 
produced by simultaneously tying all  four  of  the  cerebral arteries. 
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down in the neck; the carotids were sometimes tied very low down, 
but were more usually ligatured a little below the level of the lower 
edge  of  the  larynx.  To  determine  whether  there  are  any  after- 
effects from ligating the arteries, a large dog was operated upon anti- 
septically.  The recovery took place without difficulty, and at no time 
during sorm~ subsequent weeks could there be noted anything abnormal 
in the intellectual functions of the dog, unless it were his excessive 
activity and energy; but the pupils remained after the operation wide 
spread, their power of responding to light having been almost entirely 
lost; so that in a very bright light there was a  manifest photophobia 
in the animal, evidently due to the inability to contract the pupil. 
The explanation of the little effect produced by tying the arteries 
must  of  course  be  the  existence  of  a  collateral  circulation  whose 
potential activity we at least had not previously suspected.  To test 
the matter further Dr. 3. P. Arnold made several further experiments. 
In one of these experiments the head was trephined two weeks after 
the arteries had been secured, and the cerebral pulsation was seen to 
be marked, although less active and pronounced than in the normal 
dog.  In  three  dogs  killed  from two  to  six  weeks  after  tying  the 
arteries, and subsequently injected through the aorta, the carotids and 
vertebrals  were  found  empty  above  the  points  of  ligation.  The 
superior intercostals and their deep cervical branches were  consider- 
ably  enlarged.  The  basilar  artery  and  the  circle  of  Willis  were 
empty.  There was no sign of any of the injection having entered 
into any of the vessels of the brain. 
It  would seem in  conclusion that  the  collateral  circulation  after 
tying the neck arteries is rapidly established; partly through the en- 
largement of the superior intereostals and their deep cervical branches, 
which anastomose with  the  declo cervical  branches  of  the  occipital 
from the  external  carotid,  an'd  partly  through the  branches  of the 
superior intercostals to  the spinal  cord,  which anastomose with  the 
descending spinal branches of the vertebra].  The fact that the inject- 
ing fluids invariably failed to reach the brain shows that during life 
the  brain  must  have  been  supplied with  blood  through  numerous 
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CHAPTER  II. 
Does  the  circulation  recover itself  more  rapidly  after  prolonged 
deep etherization than after a similar narcosis produced by chloroform  ? 
In order to  answer the question which heads the present chapter 
we have made two series of experiments.  In the one series two dogs 
were selected, as nearly alike as might be; the normal arterial pressure 
taken in the carotids, and then to one dog ether, to the other chloro- 
form was given.  In  each case,  after narcosis had been maintained 
for a  certain period,  the anaesthetic was withdrawn and the  arterial 
pressure taken as soon as conseiousness was restored.  In some experi- 
ments  the  dogs  wore  then again  narcotized  and  the  pressure again 
taken upon the recovery of consciousness.  In every case finally the 
narcosis was allowed to pass off and the pressure taken twenty minutes 
after the return of full consciousness. 
In  the  second  series  of  experiments,  instead  of  two  dogs  being 
employed  for  the  one  experiment,  the  same  dog  was  used  twice. 
One narcotic was given, the records taken as in the previous series of 
experiments, and then the dog put back into  the ke~nels and taken 
care of until fully recovered.  The alternate narcotic was then admin- 
istered and the record taken as before.  In all these cases the anaes- 
thetic was  adm~nl.qtered  by means of the apparatus  which we  have 
previously described.  The operation was done antiseptically, and the 
wound healed in  each case rapidly and  without  evidence of serious 
illness.  Nevertheless, since it is conceivable that the traumatism and 
the confinement in  the kennels, as  well as the first narcosis,  might 
produce some weakening of the animal, and probably render somewhat 
unfair a comparison of the two records obtained, the experiments were 
balanced one against the other.  Thus in the first experiment chloro- 
form was used for the first narcosis, ether for the second; in the second 
experiment ether was first used, chloroform second; in the third experi- 
ment  chloroform was  first  used  and  ether  second;  and  in  the  last 
experiment ether was first used,  afterwards chloroform.  It  is  plain 
that when the average of these experiments is  taken the  sources of 
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The experiments  are  as follows:  It must be noted in reading them 
that  the  word  " Norm"  at  the  head  of  the  first  column  means  the 
pressure  taken  before  the  administration  of  anaesthetic;  that  in  the 
second, and sometimes third, columns the time given is the duration of 
the  narcosis,  the  record  showing  the  arterial  pressure  taken  as  soon 
as the narcosis had gone off sufllcient]y for the recovery  o2 conscious- 
ness.  The  last  column  gives  the  arterial  pressure  twenty  minutes 
a~ter the complete recovery of consciousness. 
FIRST  SERIES. 
Experiments  with  Two  Dogs. 
Duration of 
inhalation 60 mtn.  20 minutes 
Record immed-  after 
N,)rm.  lately after recovery,  consciousness. 
Ether ..........  140  114  118 
Chloroform  ....  184  108  122 
Duration of 
60 mln.  inhalation, 
Ether ..........  140  140  117  (120  rain.)  126 
Chloroform  ....  100  84  72  (90  min.)  88 
90 rain. 
Ether  ..........  145  126  134 
Chloroform  ....  130  108  98 
60 min.  90 rain. 
Ether ..........  134  100  120  123 
Chloroform  ....  126  136  120  122 
SECOND  SERIES. 
Experiments  with  One Dog. 
Duration of  Duration of  20 minutes 
inhalation  inhalation  after 
Norm.  60 rain.  90 mln.  consciousness. 
Chloroform  ....  100  84  72  88 
Ether ..........  134  100  9'~ 
2nd  dog  two  weeks  after first observation. 
90 min. 
Ether ..........  145  126  134 
Chloroform  ....  160  130  114 
2rid dog four  weeks  after first observation. 
60mln.  90 mtn. 
Chloroform  ....  126  130  120  122 
Ether ..........  148  136  128 
60mln.  90mln. 
Ether ..........  134  100  120  123 
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An examination  of the above record of our experiments  will show 
that so far as the circula~on is concerned the degree of recovery from 
the effects of the anmsthetic in the periods named does no~ differ very 
materially whether chloroform or ether has been employed, although 
there is a distinct advantage on the side of chloroform.  To show this 
more clearly we have  thrown  the  results  in  the  form  of two tables. 
In the first of these tables is exhibited the difference between the norm 
and  the  arteriM  pressure  after  the  60-minute  period  (or  the  90- 
minute  period  in  one  or  two  experiments);  and  in  the  second  table 
are placed the differences between the norm and the arterial  pressure 
20 minutes after the return  of consciousness. 
FIRST SERIES OF EXPERIMENTS. 
TABLE  ]. 
SECOND SERIES OF EXPERIMENTS. 
Ether.  Chloroform.  Ether.  Chloroform. 
26  26  34  16 
..  16  9  30 
19  22  19  4 
34  10  34  3 
Average  17.25  13.5  22.25  11.25 
TABLE  2. 
FIRST SERIES OF EXPERIMENTS.  SECOND SERIES OF EXPERIMENTS. 
Ether.  Chloroform.  Ether.  Chloroform. 
22  12  34  12 
14  12  11  46 
11  32  20  4 
11  4  11  1l 
Average  17  15  19  18.25 
When  we compare  the  average  fall  of pressure  of the  two  anses- 
thetics  we note that in  Table  1 in the first series of experiments  the 
average  is  17.25  after  ether,  13.5  after  chloroform;  in  the  second 
series  of experiments  it  is  ~2.25  after  ether  and  11.25  after  chloro- 
form.  The  result  here is  very distinctly  and  decidedly in  favor  of 
chloroform.  In  Table  2  it  will  be  noted  that  in  the  first  series  of 
experiments  the  aver.age  after  ether  is  17,  after  chloroform  15;  in 
the second series of experiments,  after ether 19, and after chloroform 
18.25. 
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The question of the rebound of the vascular system from the anees- 
thetic would seem to be cpnnected with the ease with which the drug 
is eliminated from the system.  Chloroform being in smaller quantity 
than  the  ether~  and  also more volatile,  is  evidently thrown  off more 
rapidly than the ether; hence a very few minutes after the withdrawal 
of  the  anms~thetic  the  recovery  from  chloroform,  as  shown  by  the 
tables,  is  greater  than  from  ether;  but  later,  when  twenty  minutes 
were  allowed  to  elapse,  the  elimination  of  the  ether  had  e~ddently 
progressed  far  enough  to  allow  the  circulation  to  regain  nearly  its 
original force. 
C]:IAPTE]I  IlL 
Is it possible to have  death  produced by an  anaesthetic  some time 
after the cessation of its administration and the return of consciousness? 
The  history  of pr(~longed  anaesthesia,  even when  aec(mlpanied  by 
great  surgical  operation,  shows  that  death  from  shock  or  from  any 
other mysterious cause shortly after the return  of the  patient  to con- 
seiousness  is  a  very  rare  phenomenon.  It  cann(~t,  therefore,  be 
expected tha~ in the lower animals  a  prolonged anaesthesia sho,uld  be 
often re]lowed by death.  Further,  it must be noted that the question 
which heads the present chapter refers ~ot only to the normal but also 
to the diseased animal.  Especially is this  wide significance necessary 
in view of the fact that the anaesthetic oftea has to be used even thomugh 
the  human  individual  is the subject of organic  disease.  These  con- 
siderations lend importance to the two experiments we have to r6port, 
in which no other apparent cause of death than the after-effects of the 
anaesthesia existed.  The surgicM procedures consisted simply in put- 
ring  a  cannula  in  the  carotid  artery  and  in  re-opening  the  trachea 
through the wound made ten days before.  There could have been no 
surgical shock, there was not the loss of a teaspoonful of blood.  The 
experiments are as follows: 
EXPERIMENT  I. 
A  large  shepherd dog, which ten days before had been subjected to 
deep  chloroformization  for over an hour  and  a half.  The  pressure 
before the commencement  of etherization was 160.  Etherization was 
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had fallen to 140.  Five minutes after the withdrawal of the ether con- 
sciousness  was complete, and the pressure  had risen to 160.  Although 
no more ether was given, five minutes later the  pressure  spontaneously 
had fallen to  150, and there was  some  irregularity of respiration;  ten 
minutes  later  the  pressure  was  130  and  the  respiration  markedly 
irregular.  Unfortunately it so happened that at this point the tracing 
paper was full and no further tracing was taken; but the arterial pressure 
slowly fell, the  respiration  became  more  and  more  irregular;  and  five 
minutes after the last observation, that is twenty-five minutes after the 
withdrawal of the ether, respiration ceased entirely, the cessation  being 
rapidly followed by arrest of the heart. 
EXPERIMENT  II. 
Black-and-tan terrier.  Had been etherized about ten days before for 
nearly  two  hours.  Arterial  pressure  before  present  aneesthetic,  130. 
Was chloroformized for twenty minutes; two minutes after the return of 
consciousness  the  arterial  pressure  was  82;  fifteen  minutes  later  the 
arterial pressure Was 62, and respiration at this time was regular.  From 
this time the  pressure began to fall rapidly, and the dog  died twenty- 
seven minutes after the withdrawal of the chloroform. 
These two experiments seemed to us positively to prove that a  dog 
may die from the effects either of prolonged chloroformization or  of 
prolonged etherization at least half an hour after the recovery of con- 
sciousness; this, too, in cases in which at the time at which conscious- 
ness first comes back there are no symptems presaging an evil result. 
Later experiments, not here reported in detM1, have abundantly con- 
firmed these conclusions.  If such a  result can occur in the  dog, its 
happening  is  to  be  expected  in  human brings."  It  is  certain  that 
occasionally after  severe  surgical  operation  under  prolonged  anaes- 
thesia death does occur in man within a short period after the recovery 
of consciousness; the cause of the death being very obscure, no grave 
lesions being found in the body to account for the fatal result, which 
has been attributed by most surgeons to an indefinite something called 
"shock."  In  view,  however,  of  the  positive  experimental  results 
which have been reached, it see~ns to us that it must be considered an 
established proposition that death from an anaesthetic may occur in a 
human  being  after  the  loss  of  consciousness  and  the  characteristic 
obvious effects of the anaesthetic have passed off. 150  A  Research  upon  Ancesthesia 
CONCLUSIONS. 
The  conclusions which  have  been  reached  by the  series of experi- 
ments recorded in the present memoir are: 
First.  Lowered  arterial  pressure  has  a  comparatively  feeble  effect 
upon  the respiration,  but  when  the  pressure  falls  sufficiently,  respi- 
ratory depression does occur. 
Second.  Even excessive lowering of blood pressure primarily  stim- 
Mates  the  vaso-motor  centre,  the  sensibility  of the  centre being  evi- 
dently necessary to the automatic regulation of the circulation. 
Third.  The  circulation  recovers itself more  slowly after  profound 
etherization than after a like chloroform narcosis. 
Fourth.  It  is  possible  for  ether  as  well  as  chloroform  to  produce 
death  some hours  after  the  cessation  of its  administration,  at  a  time 
when the cerebrum has long freed itself from distinct evidences of the 
narcotic,  so  that  consciousness  and  intellectual  action  ha,  re  been 
restored. 
In applying these conclusions to the subject of practical  anmsthesia 
it is evident that the depression of the circulation  produced by chloro- 
form has  effect upo.n  the  respiratory  centres  only when  the pressure 
has fallen very low, and whilst it may be a  factor in  the  production 
of respiratory  failure  during  ch]oroformization,  the  failure  must  be 
chiefly  due  to  the  direct  influence  exercised  by the  drug  upon  the 
respiratory centres. 
Clinical  experience  shows  that  nausea  and  general  depression  are 
more pronounced after the use of ether than  after  the  use of chloro- 
form, a difference which is strongly insisted upon by the advocates of 
chloroform as  an important  agent  in  favor of that  anaesthetic.  Our 
research  confirms  clinical  observation,  and  expe~'imental]y sho~vs that 
the  depression  of  the  circulation  produced  by ether  is  more  perma- 
nent than  that  caused by chloroform;  the reason  probably being the 
large amount of ether which is necessary to produce profound narcosis, 
with lowering of the arterial  pressure;  an anmunt so large that it can 
neither  be burned  up  in  the  system nor  yet  eliminated  in  the  time 
which would be necessary for the much smaller amount of chloroform 
to be gotten rid  of after chloroformization. 